Dynamics of river behavior play a great role in meandering, sediment transporting, scouring, etc. of river at bend, which solely depends on hydraulics properties such as horizontal and vertical stress, spatial and temporal variation of discharge. Therefore understanding of discharge distribution of river Ganga is essential to apprehend the behavior of river cross section at bend particularly. The measurement of discharge is not very simple as there is no instrument that can measure the discharge directly, but velocity measurement at a section can be made. Velocity distribution at different cross sections at a time is also not easy with single measurement with the help of any instrument and method, so it required repetitions of the measurement. Velocity near the end of bank, top and bottom layer of natural streams is difficult to be measured, yet velocity distribution at these regions plays important role in characterizing the behavior of river. This paper deals with the new advanced discharge measurement technique and measured discharge data has been used for modelling at river bend. To carry out the distribution of discharge and velocity with depth in river Ganga, the length of river in study area was distributed into 14 different cross sections, M-1 to M-14, measured downstream to upstream and the measurement was done by using of ADCP (Acoustic Doppler Current Profiler). At each cross section, profiles were measured independently by an ADCP and data acquired from ADCP were further used for the regression modeling. A multiple linear regression model was developed, which showed a high correlation among the discharge, depth and velocity parameters with the root mean square error (R 2 ) value of 0.8624.
tion of river and its bend is so complicated that it needs vast practical experience to understand the hydrodynamics. On the other hand the most dangerous natural disaster, worldwide known as flood, can cause a huge economic losses as well as losses of life and livelihood. Therefore understanding the flow behavior and estimation of discharge for open channel flow (most commonly natural rivers) is very vital hence it had keen interest for the researchers for decades. Many researchers develop various methods for the discharge estimation; however, some enhance the accuracy of the previously available methods. Researcher develops regression based models [1] [2] [3] and some develop soft computing methods [4] [5] [6] . The main river flow (discharge of river) might be changed at a very large scale as human interruption takes place in term of occupying the place along the river bank or within the river basin [7] . Regression based approach is most commonly very useful for the ungauged sites for discharge estimation [8] [9] [10] .
The increase in the flow of any river is caused by the large volume of rainfall in its basin, which would probably change the physical parameters of the river involving the changes in the depth due to bank erosion' taking place and width of flow [11] [12] [13] [14] . The river hydrodynamics could directly affect the flow pattern of river and may change in river morphology. [15] [16] [17] [18] observed that the meandering is one of the most common pattern followed by fluvial rivers. A lot of research work is completed by researchers for the study of bankfull discharge and bankfull velocity of river, but there is a lack of research about the natural flow and natural velocity of river.
It is to understand that, the discharge of river is a function of river meandering wavelength and amplitude, as the higher the value of river meandering wavelength and amplitude, higher will be the discharge and vice versa. The above understanding gives a way to go forward with this research in the direction that the river parameters must naturally have a relationship with each other. The main purpose of this paper is to develop a correlation among parameters of Varanasi bend of holy River Ganga which are directly related to the physical parameters of river i.e. discharge, depth and velocity. The complete measurement on the Varanasi bend was done in the month of November 2013.
With the progresses of measuring discharge and understanding behavior of Natural River, Acoustic Doppler Current Profiler (ADCP) technologies, a moving boat discharge measurement technique is gradually replacing the classic procedure using mechanical meters when the water is sufficiently deep for ADCP applications. While measuring discharge through ADCP, the transducers of an ADCP are mounted facing down and barely submerged under the water surface. They ping continuously while the boat is traversing from bank to bank. The boat motion is monitored by bottom tracking acoustic pings or by a global positioning system (GPS). The water flux crossing the vertical plane of the boat path is computed, which is the same as the river discharge. The ADCP can be used for measuring a velocity profile in the vertical when the ADCP is held at a fixed position for taking a large number of the single ping velocity measurements. The averaged single ping velocity profiles reduce the measurement errors so that a meaningful mean velocity profile can be obtained. This paper is designed to address the following objectives by using data generated from the ADCP  Quantify the discharge and velocity distribution for the different cross section along the bend of river Ganga  Identify relationships between different hydraulic parameters and thus perform regression analysis.
Organization of paper includes:  an overview of the discharge measurement and regression modeling  description of study area (Section 2)  descriptions of the methods used (Section 3)  the data analysis and model development (Section 4)  discussion of the results (Section 5); and  conclusions (Section 6).
Study Area
Varanasi (25˚20'N and 83˚7'E) is located in the middle Ganges valley of North India, in the Eastern part of the Uttar Pradesh, along the left crescent-shaped bank of the Ganges, averaging between 50 feet (15 m) and 70 feet (21 m) above the river. It is oldest city situated on the convex bank of holy River Gangaas shown in Figure 1 . It is called the longest river of India, having its total length 2525 KM from Gangotri to Ganga Sagar. Being located in the Indo-Gangetic Plains of North India, the land is very fertile because low level floods in the Ganges continually replenish the soil. Varanasi is often said to be located between two confluences: one of the Ganges and Varuna, and other of the Ganges and Assi, although the latter has always been a rivulet rather than a river. The distance between the two confluences is around 2.5 miles (4.0 km). Rarely has any river gathered in itself so much meaning and reverence as the Ganga has over three millennia in the Indian subcontinent. The land-water interface on the Ganga's banks is fashioned out of the need to access the rising and falling water levels in the monsoon and dry seasons. The cultural landscape of this interface a ghat (steps and landings) lined by temples and other public buildings, pavilions, kunds (tanks), streets and plazas is layered and kinetic, and responsive to the river's flow. At Varanasi, where the Ganga reverses its flow northwards, the ghats describe a crescent sweep in a 7.6 km stretch.
The climate of the city, as of Northern India on the whole, is of tropical nature with extremes of temperature, varying from a minimum of 5˚C in winter to a maximum of 45˚C in summer. The annual rainfall varies from 680 mm to 1500 mm, with a large proportion occurring during the monsoon season, in the months of July to September.
Methodology
To achieve the objective of measuring velocity distribution and understanding the behavior of velocity distribution with depth of river in the river cross-section, an ADCP, was used. The whole study river length was divided into the 14 distinct cross-sections for discharge measurement, named as M-14 to M-1 respectively from upstream of flow to downstream of flow. Further with the help of ADCP, complete profiling for depth and discharge of each cross-section had been done. Recorded ADCP data have been extracted by using the supporting software of ADCP i.e. Win River-II, for analysis purpose. Excel sheets for each cross-section (from M-1 to M-14) of distance from bank, velocity and depth was prepared for calibration of regression based model. For preparation of data, shortest width cross-section was selected and divided it into 4 uniform parts (width wise), the width of shortest cross-section was 281 meters after dividing it, the division width was 74.25 meters, average the velocity and depth parameters of each part as V1, V2, V3, V4 & D1, D2, D3, D4 for the cross-section M-7. The area of each part was also calculated by using AutoCAD software termed as A1, A2, A3, and A4 respectively.
Similarly by applying this process on all the data of each cross-section from M1 to M14 was estimated and listed in Table 1 . M-1 has been divided into 7 parts having the average velocity from V1 to V7, average depth from D1 to D7 and the area from A1 to A7 and Cross-sectional view with reduced level is also shown in Figure  2 , M-2 has been divided into 6 parts having the average velocity from V1 to V6, average depth from D1 to D6 and the area from A1 to A6, M-3 has been divided into 5 parts having the average velocity from V1 to V5, average depth from D1 to D5 and the area from A1 to A5, M-4 has been divided into 5 parts having the average velocity from V1 to V5, average depth from D1 to D5 and the area from A1 to A5, M-5 has been divided into 5 parts having the average velocity from V1 to V5, average depth from D1 to D5 and the area from A1 to A5, M-6 has been divided into 4 parts having the average velocity from V1 to V4, average depth from D1 to D4 and the area from A1 to A4, M-8 has been divided into 4 parts having the average velocity from V1 to V4,average depth from D1 to D4 and the area from A1 to A4, M-9 has been divided into 5 parts having the average velocity from V1 to V5, average depth from D1 to D5 and the area from A1 to A5, M-10 has been divided into 6 parts having the average velocity from V1 to V6,average depth from D1 to D6 and the area from A1 to A6, M-11 has been divided into 6 parts having the average velocity from V1 to V6,average depth from D1 to D6 and the area from A1 to A6, M-12 has been divided into 8 parts having the average velocity from V1 to V8, average depth from D1 to D8 and the area from A1 to A8, M-13 has been divided into 11 parts having the average velocity from V1 to V11, average depth from D1 to D11 and the area from A1 to A11, M-14 has been divided into 10 parts having the average velocity from V1 to V10, average depth from D1 to D10 and the area from A1 to A10.
Data Analysis and Modeling

a) Data Analysis
Before the development of the models of regression, it is the most important to check whether the variables in data have any correlation or not. Therefore, each cross-sectional data of discharge, depth and velocity are checked for the multiple regression, the R 2 , Adjusted R 2 , Standard error of estimates, standard error, t value and p value for each cross-section are listed in Table 2 which shows there is a strong correlation between discharge, depth and velocity data, this analysis gives an clear idea to develop a multiple linear regression model. R-squared (R 2 ) is a statistical measure of how close the data are to the fitted regression line. It is also known as the coefficient of determination, or the coefficient of multiple determinations for multiple regressions. The value (R 2 ) should always between 0% and 100%:  0% indicates that the model explains none of the variability of the response data around its mean.  100% indicates that the model explains all the variability of the response data around its mean.
For any regression model first indicator of generalizability is the adjusted (R 2 ) value, which is adjusted for the number of variables included in the regression equation. This is used to estimate the expected shrinkage in (R 2 ) that would not generalize to the variable because our solution is over-fitted to the data set by including too many independent variables. If the adjusted (R 2 ) value is much lower than the (R 2 ) value, it is an indication that our regression equation may be over-fitted to the sample, and of limited generalizability.
The R 2 method is a useful linear regression tool for exploratory model building as it assists in finding subsets of independent variables that best predict a dependent variable in a given sample (SAS Institute, Inc., 1994). This algorithm examines all of the possible combinations of the independent variables and ranks them according to decreasing order of R 2 (fraction of the variance explained by the regression) magnitude for the given sample. Using this output of ranked R 2 , the best combination of independent variables was selected for further testing for inclusion in the final regression equations. The type of regression equation that is most suitable to describe the relation depends naturally on the variables considered and with respect to hydrology on the physics of the processes driving the variables. Furthermore, it also depends on the range of the data one is interested in. b) Development of Regression Models (i) Multiple Regression model for 8 Cross-Sections: For development of the regression model, the complete data set of all cross-section were analyzed separately. Three cross-sections from both ends of the bend and two cross-sections from center location have been selected for model development (as shown in Figure 3) . Selected cross-section gives a complete picture of the Varanasi bend of River Ganga. For calibration of the regression model complete 55 data (about 65% of total) and remaining 31 data (about 35% of total) are used for the validation of the model. As shown in the Table 3 the value of R 2 is 0.8674 of the calibrated model which shown a strong correlation between discharge, depth and velocity data of the complete data set.
Thus developed discharge equation from regression analysis is Q = Y o + a × V + b × D, where Q is Discharge V is Velocity and D is depth, Y o , a and b are constants which has to determined by regression analysis.
(ii) Partial regression model: For analyzing the fact that whether the discharge is more dependent on which parameter, depth or velocity, a partial regression model has been studied by keeping depth and velocity constant. For the modeling purpose (keeping depth constant) the data had shorted in a manner that the depth ranging in Table 4 below. These values concluded that the discharge is more depending upon the depth of the flow as the R 2 value for the model when velocity is constant is more except once i.e. 0.897.
c) Validation of Model
From whole data set remaining 31 data used for the validation of the model. The detailed calculation for each data is shown in Table 5 . From this it is clearly noticeable that at very low discharge values, depth below 5 m and low velocities, the model doesn't works properly and it gives unreasoned results.
Result and Discussion
River hydraulics is quite complex in natural channels and rivers. For practical and engineering purposes, the flows in river channel are often characterized by depth averaged or cross-sectional averaged properties. While these simplifications might be justifiable and necessary for practical reasons, it is important to be cognizant about the complex nature of the three-dimensional free-surface flows in rivers and open channels. A better understanding of the hydraulic properties in natural rivers would give rise to a more accurate approximation in practical applications. In this study, the velocity distribution in a river cross-section has been investigated in detail.
Also as we know that atmospheric and human intervention affects the hydrology of any area which influences the flow behavior of river. To understand these effects on main governing parameters of hydraulics on river flow characteristics, 14 different cross section shad marked along the river which lies between 7500 m. The river flow velocity, width and depth has been computed and plotted to compare each other and identified their relationship among the above said parameters. The results showed that river depth is almost having increasing trend except the cross section (M-2), second last from downstream as clearly shown in Figure 4(a) . Leaving the starting upstream station (M-14) the width of river is almost having decreasing trend till (M-6) cross section as shown in Figure 4(b) . This shows a varying average depth and average width of flow at its different cross section due to its meandering and sinusoidal characteristics.
Generally long profile gradient of river is decreases in downstream due to increasing hydraulic radius (cross section efficiency) but here at Varanasi bend the velocity is increasing up to M-12 cross section after which the inconsistent bend for velocity obtained although from the M-7 cross section the average velocity of flow is continuously decreasing as shown in Figure 4(c) . The above theory of increasing velocity in downstream seems to be not valid for River Ganga at Varanasi bend. The decreasing of velocity had resulted by the increasing the depth of flow in downstream consistency. Discharge variation with the cross sections is also shown in Figure  4(d) .
Any stream with having changing volume may assume a meandering course, alternatively eroding sediments from the outside of a bend and depositing them on the inside. This meandering characteristic and sinuosity along Ganga river course had showed non uniformity in the river width and uneven depth of water. The main cause of overall these parameters is heavy rainfall from which the runoff in term of river flow depends. The rainfall intensity mainly governs the amount of erosion and the geological parameters decide the deposition of eroded sediment in the river which leads to variation in the geometry of any river. Human activity is also the indisputable cause for high flow which involved of building of impervious structures, deforestation, and caused to the higher surface runoff and decrease the time of concentration by which even on small rainfall leads to change in depth of river flow. On the other hand, forestation such as pine tree and other tree which can increase infiltration so that time of peak can delay and its harmful effects can be reduced. To minimize the impact of surface runoff directly to the river flood mitigations concept should be undertaken and another river training work to be adopted along the Ganga River in order to minimize erosion as well as sedimentation enter to the river.
Conclusions
The monitoring of discharge and velocity distribution was conducted using consistent protocols designed to ensure the scientific validity of the data. These stream flow datasets will aid in the management of water resources in a sustainable manner for the benefit of water users and the environment.
A multiple linear regression model was developed by using the measured discharge, depth and velocity through ADCP of Varanasi bend of river Ganga. The regression equation shows a high correlation between the discharge, depth and velocity parameters with the R 2 value of 0.8624. Among the validation set of 31 data's, 9 data's of discharge were in the range of 100m 3 /s and out of which 6 data's gave more errors, as well as the average velocity lies in the range of 0.101 m/s to 0.279 m/s in validation set which gave more errors in validation of model. The proposed model is validated for the average velocity greater than 0.279 m/s up to 0.899 m/s. The developed model also shows variation when the depth of flow is less than 5 m, so this model is suitable for the depth above 5 m up to the maximum of 19.98 m at the Varanasi bend of River Ganga. The equations developed for this study are not applicable for ungaged sites in which the basin characteristics are not in the range of those used to develop the regression equations.
